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fog.” This term should be applied to cloud banks of con- 
siderable continuity and density,’ and not confused with 
cirrus (high altitude) clouds or with 0rdina.q “low fog.” 

Possibly we may esbablish a safer criterion by determin- 
ing whe,ther a shadow is being cast. We have obse.rved 
that in some cases the re.cord varies 0ve.r 5 microamperes, 
but the total intensity is not niuch re.duced below the 
niasimuni for a dear day. In the,se cases it was noticed 
that shadows we.re, cast. On the ot’her hand, when the 
cloud density inc,reases sufficiently a shadow is no longer 
cast a,nd the. re.cord sinks t,o G niicroaiiipe,re.s or less. As 
an illustration of some, of t,hese point8s we ma,y cite the 
record for the day of the tot’al solar eclipse., April 25, 1930. 

4 See Carpenter, Ford -4,: The Climate and Weather of San Diego. 1913, pp. 5 7 .  

(See fig. 7.)  Here it will be noticed that the trace becomes 
quite continuous below 12 niicroaniperes (40 on the chart) 
having the smoot,hness of a record for a clear day but 
forming a beautiful V-shaped indentation in the record. 

Kimball,3 in several articles dealing with the design, 
construction, and performance of the pyranonie ter, refers 
to irregularities in the traces of the instrument on ap- 
parently clear days but conies to no definite decision 
regarding t)he probable cause of t>he irregularities. On 
another occasion he states that they may he caused by 
smoke. A t  a location like La Jolla, this hypothesis is 
ruled out, since t8he atmosphere is always smoke-free 
except on rare occasions when there are forest fires. 

3Kimbal1, Herhert H.: Records of Total Solar Radiation Intensity and Their Relation 
to Daylight Intensity. hfONTELT WE.\TEER REVIEW, Octoher, 1924, vol. 53,p. 473. fig. 5.  

SOME CHARACTERISTICS OF CONTINUOUS RECORDS OF THE TOTAL SOLAR 
RADIATION (DIRECT +DIFFUSE) RECEIVED ON A HORIZONTAL SURFACE 

l3y HERBERT 

In the paper preceding this., Gortoii and Chambers 
have pointed out some interesting relations between the 
character o$ solar radiation records and the condition of 
the sky. Angstrom’ has already noted some o€ these 
relations at  Stockholm, and especially the increased in- 
tensity with the sun shining between broken clouds. 

In an earlier paper entitled (‘On Continuous Radiation 
Records and Their Bearing upon Geophysical Prob- 
lems.” (Sartryck ur Forhandlingar 17 : de skandinavislia 
naturforskaremotet i Gotchorg, 1923) he discusses the 
cloud formation during the passage of a  cold-\^ ave Eront 
a t  Stockholm on Aiignst, 4, 1923. The forniation of a 
uniform cloud layer preceded the arrival of the cold air 
a t  the surface by n n  appreciable t h e  interval, nncl hrenks 
occur in this cloucl layer flt uniforni intervals of two hours. 
This is explained as follows: 

The upper boundary of the cold wa\e is in geiieral subjected to a 
proiiounced ware  formation. Sonietimes n aves of higher order> 
are well developed. As a rule the uniform cloud layer rtppenrr at 
the wave tops, the  breaches in the cloud layer a t  the \alle\h, but 
exceptions therefroiii sometimer, occur. In tlie special caw referred 
t o  above the breaches in the cloud layer ha\ e occurred allnost 
exactly at the lowest points of the wareh. 

Apparently, atmospheric waves sonietinies occur with- 
out forming visible clouds. For example, in the 
hloNTHLT WEATHER REvIEWfc)rSeptember, 1915, volume 

1 ingstrom Anders. Recnrding bo131 radiation. Medd. Fr in  Statens Meteorolo- 
gisk-HydroGaflslia Anstalt, Band 4, No 3, 1928. 
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43, page 441, in Figure 1 are plotted logarithms of solar 
radiahon intensity against, air inass, measiired on un- 
usually clear days. With a sky of miiforin clearness 
throughout, the plotted values should fall on a line only 
slightly coiicltve up\var(ls. Actually, however, the values 
€all on a wavy line, and especially those for Washington, 
during the afternoon of February 35, 1915, and for 
hlount Weather, Va., during the nioriiing of September 
3S, 1914. 

Attention has also been called to the efiect of smoke on 
the solar radiation intensity. See, for example, MONTHLY 
WEATHER REVIEW, volume 52, page 47S, Figure 5, Octo- 
ber, 1934, and volunie 53, page 147, Figure 1, April, 1925. 
The first of these reproduccs records of intensity of the 
total solar radiation received on R horizontal surface at  
the university station, Chicago, Ill., and its depletion by 
smoke on both a cloudless and a cloudy day. The 
second shows the depletion of direct solar radiation in- 
tensity at  normal incidence at  the Aiiierican University, 
District of Columbia, by a smoke cloud that was brought 
over the university from the city by an east wind. 
Clouds of less density frequently cause depressions in the 
records obtained in the vicinity of any city. 

I t  is apparent that much valuable inforniation about 
slip conditions may be obtained from continuous records 
of the intensity of solar radiation as received on either a 
horizontal surface or on a surface nornial to the incident 
rays. 

COMPARISON OF ROOF AND GROUND EXPOSURE OF THERMOMETERS 
By BERNARD R. L.4RKOWBKI 

[Weather Bureau, Topeka, Kans.1 

It, is generally conceded that the average temperature 
readings obtained from properly esposed the.rmonieters 
in the Plains States, where the grouncl surface is level or 
slightly rolling, agree quite c.losely within a radius of 
from 15 to 25 miles. What), however, is the relation 
between official temperatures taken in downtown sections 
of middle-western cities and t,heir suburbs? In other 
words, do official t,emperatures taken on high buildings 
of cities reflect conditions unde.r which people live in the 
residence sections? It must be remembered that in a 
great perc,entage of the larger cities the usud pract<ic.e is 
to locate the t’liermometers on roofs of high buildings, 

while in the suburbs, the thennometeis are more likely 
to be exposed over a ground surface. In  order to inves- 
tigate this question a 6-year record of daily maxiinurn 
and niinimuni temperabure readings was obtained in 
Topeka, Kans. 

The thermometers used in this study were of standard 
pattern, compared for accuracy, and exposed in standard 
shelters having louvered sides and double-decked roofs. 
These favor the free circulation of the pfissing air, but 
do not absorb any added heat due to radiation or reflec- 
tion from near-by objects or from the dire& rays of the 
sun. One. set, that, of the Weather Bureau office, was 
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located 10 feet above the flat roof of a 6-story building, 
making an act,ua.l elevation of t,herniomet.ers 92 feet 
above street level, in the center of the business district, 
and the other 5% feet above the ground at  a point a mile 
and a half away in the residential section. The size of 
the ground shelter is 21 by 32 imhes; it has not a broad 
platform unde,rneath it. The ground surface at  both 
places is approximate,ly the same elevat,ion above sea 
level. 

During the period of c.omparative readings some of the, 
lowest readings ever rec,orded in the vicinity, as well as 
the highest on rec.ord in 44 years, occurred. This should 
eliminate the objection that just average conditions had 
prevailed during the esperiment and extreme conditions 
might have altered the results obtained. 

In most instance.s the individual monthly averages 
o b t a b d  from the ground surface readings were higher. 
Occasionally, though, during no definite se.nsons, the 
opposite was true. The wind movement and presence 
of snow and ice on the ground seem to have been t,he most 
apparent factors in making the differences so far as the 
study indicates. Taking t.he monthly averages for the, 
six years into disc.ussion, it is found that these averages 
compensate the individual monthly inconsistencies and 
the ground exposed readings exeed the roof readings each 
month, and for the entire period average by 0.6'. This 
fact in itself eliminates any need for correction for alti- 
tude, as the ground instruments are less than 100 feet 
below those on the roof. In  case there was a noticeable 
altitude effect, it would tend to lessen the differences 
instead of incre.asing them. 

The monthly mean maximimi and minimum tempera- 
tures and est,remes add more to the study t8han do the 
Average readings. The ground-exposed maxiniuni t,her- 
irioiiie~ter averaged 1 .go higher than the roof thermometer, 
while t8he niiniinum readings averaged 0.6' less. This 
may be accounted for by stmating that the radiation effec.t 
at the ground should be greater than on the roof, where 
air passage. is less hampered. This conclusion is indi- 
cated by the tables giving the monthly extremes and t8he 
estremes for tmhe entire period. Whereas the monthly 
averages do much tow ards elimina.ting the observed 
discrepancies, the daily extremes exhibit examples of the 
various individual fackors that tend to separate or draw 
together the readings. 

For an example of wind effect, let us refer to several 
dates selected a t  random. On April 34, 1926, t.he wincl, 
as recorded at  the Topeka Weather Bureau offic.e, aver- 
aged 19.9 miles per hour for the day, whic.h is above the 
daily average wind movement. The high wind kept the 
air mass in continusl turmoil, the result, being a minimum 
temperature at  the ground of 45' and on the roof 46'. 

On June 9, 1927, the daily wind averaged 16.7 miles 
per hour and the miniinuni readings at  both places were 
the same, 66'. On September 11, 1938, the wind aver- 
aged 13.0 i d e s  per hour and the minimum on the ground 
was 64' while on the roof it was 63'. On December 2,  

1929, the wincl averaged 10.3 iniles per hour, and again 
hot,h t,herniometers registered the same, 10'. 

Radiation efl'ect is greate,r if the wind movement is 
light, permitting the air mass to become stagnant. The 
dates selected to illustrate this part of the wind factor 
are as follows: On April 26, 1926, with an average wind 
niovenient of 5.6 ndes per hour, the minimum on t,he 
ground rend 37' and t,he roof thermometer 42' On July 
2 ,  1927, t,he wind averaged 5.5 miles per hour a.nd the 
ground minimum was 57' while the roof minimum was 
64'. On Septcinber 15,192S1 wit,h an average wind move- 
ment, of 3.3 miles per hour, t,he ground the,rinometer 
registered 54' and the roof thermometer 61'. On Novem- 
ber 1, 19%, the wind averaged 4.0 miles per hour and the 
ininirnuni on the ground was 29' while on the roof it was 
34'. All t.he clays considered in these cases were either 
clear or mostly so. It will be observed that the days 
selected represent each quarter of t8he year which indicates 
t.hat t.his factor is not limited to  any particular sewon. 

For cases t,o demonst,rate what effect a snow blanket has 
on the ground temperature we refer to the period of 
January 12 to 16, 1827. Snow several inches in depth 
occurred on the 13t,h and 13th, leaving 4 inches on the 
ground at  the close of the 13t,h. The nest morning with 
a clear sky and wincl averaging 10.3 miles per hour, the 
ground thernionieter registmered 5' while the roof ther- 
mometer re.gist.ered So. Pract.ic,ally the same sky and 
wind conditions prevailed through t'he 16th. On the 
15th the ground thermometer read 14' below zero and the 
roof thernionieter 9' below zero. On the 16th the ground 
minimum was 16' and roof re.ading 23'. The period of 
January 22 to 25, 1930, also illustrates this point. Prevj- 
ous to the 2 2 4  snow had fallen and the ground was 
covered to a depth of 9.0 inc,hes. The sky was clear from 
the night of the 3lst to the morning of the 25th. Thc 
amrage wind nioveinent the 31st to 22d was about 5 
miles an hour. The ground thermometer that morning 
read 18' below zero and the one on the roof read 13' 
below zero., which by bhe way, is t,he lowest recorded at  
the Weather Bureau in 11 years. The wind movement 
from t,he 23d t,o bhe 25th averaged between 9 and 10 miles 
per hour. On the morning of the 23d, the ground read- 
ing was 7" below zero while bhe roof reading was 1' 
above zero. On the 34th the low point a t  the ground 
was 9' compared to 12' on the roof. The morning of the 
25th the ground thermometer indicated 3' and the one 
on the roof 11'. 

The daily maximum readings did not show as great 
differences as the minimums, but this can be accounted 
for by the fact that the maximum generally occurs in the 
latter part of the afternoon when the wind movement is 
at  its highest, resulting in the air mass a t  the ground at  
that time be.ing about as active as on the roof. For this 
reason the maxinium readings on the roof and ground 
agreed uniformily within one or two degrees, and any 
number of times were esactly the same. A case in this 
connection was August 3, 1930, when the Weather 



thermometer corresponded exactly. The sky was mostly - 

clear and the wind averaged 11.9 miles per hour. 

t,lonately greater a t  the ground. This varied from time M o n t h l y  m e a n s ,  26.9 
to t8ime. 

Stations 
c) 

The slightly higher day readings and lower night 

For the entire period the monthly mean dnily 

readings signified that the daily range must be propor- 

ranges differed by 2.4O. The daily range varied fronl h;;;I..tai y..me~.ns;. 26.6 
day to day, sometimes being close together and then 
again at  wide variance. The greatest differe.nces occurred h'g:EuYm '~~~.."~: .  35.6 

during cluiet spells when the radiation effect Was gre,atest. ' ' $ ~ ~ ~ &  E:::::. 16.9 

is t,o employ ground at 4,500 c,ooperative -4;U&U;amidli;. l i .  6 

stations and at  as many first-order stations as possible. ag;~~-nraii--iuG;- 66 
Roof exposures are accepted only through necessity, roof. _____._._._..__ f i ~  

never from choice. ground ___._..._.._. -19 

means ,  

~ n o i i m u m  ground.. 315.9 

Actual practice in the United States Weathe.r Bureau hlont .h ly  means ,  

Absolute minimum. 

The results of the c,omparat,ive readings we summarized Absolute roof __________..._ minimum. _ _  -13 on a monthly basis in the table below. 

FURTWR NOTES ON THE EFFECT OF WEATHER ON APPLE YIELDS 
By W. A. MATTICE 

[Weather Buretiu, Wnsliington, D. C.1 
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The effect of t8emperatrires on Hpple yields was studied 
during 1927 by the author and the results published in t'he 
Monthly Weather Revietv.l The effect of precipit.s- 
t8ion, however, was not, considered at  that time as t,he 
purpose of the study was to substantiate the theory that 
spring temperatures were largely a determining factor in 
apple production. The precipitation by months was 
studied rather casually in a preliminary survey, huh no 
definite relationship was e,stablished. However, a bulle- 
tin of the New York Agricolt,iiral Esperiment Station by 
R. C. Collison and J. D. 1Iarlrtn was forwarded by the, 
senior author for informat.ion as regards its conclusions. 
This publication contains t8he re.sults of a rather exhaus- 
tive survey of an orchard of 50 Rome Beautmy apple t8re,es 
in New York. The conclusions drawn are that tempera- 
ture departures from normal are not an important factor 
influencing yield, but that precipitation departures froni 
normal are very important, especially those for the period 
from July 16 to September 1 .  It is also shown that the 
most critical period of these six weeks is that between 
July 31 and August 15. These conclusions, if they could 
be correctly applied to the entire State, would depreciate 
the spring temperature theory. In order to check these 
conclusions with State yields it was decided to collect rain- 
fall data from the temperature stations and find such 
relationshi s as might exist. 

The da' 9 y precipitation for three months, June to 
August, inclusive, was obtained and weekly amounts 
computed. Thus, the. weekly periods covered the time 
from June 1 to August 30 and should show the critical 
period by the pagnitude of the correlation coefficients. 

The individual correlation coefficients for these 13 
weeks are given below: 

1 Mattice. W. A. (1927): The Relation of Spring Temperatures to Apple Yields. 
MONTHLY WEATHEB REVIEW 55 1 0  45W59. 

2 CoUison, R. C . ,  and Harian,' J. D. (1927): Annual Variation in Apple Yields--A 
Possible Cause. Techniral Bulletin No. 126, New York Agnculturnl Eiperlment 
Station, Geneva. April, 1927. 

Cor- 

coefficiimt 
reldion Wrek ending- relation Wwh rill 1 I os- 

The magnitude of the coefficients is very small, the 
largest being only 0.36, which is hnrdly large enough to 
ronsider. There is some significance, however, in the 
largest coefficients occurring in pairs, as it would appear 
from this 2-week periods are of more importance than 
single weeks. The coefficients of these 2-week periods 
with yield, by multiple correlation methods, were : 
June 7-21, 0.26; June 29-July 12, 0.59; August 9-23, 
0.29. The increase of the coefficient for the weeks June 
29July 12, from 0.36 to 0.59, is rather striking. This is 
due to the fact that, while the two weeks have a positive 
and negative relationship with yields, the correlation 
between them is positive; thus the relation of both with 
yield is very much better in combination than separate. 

The three 2-week periods were combined in a multiple 
correlation, giving a coefficient of 0.64, or only 5 points 
better than the coefficient of the weeks June 39July  12. 
These six variables then were put into an equation in 
order to compute yields from them. The equation 
follows : 

T z 1 . 1 4  A-0.31 B f 3 . 1 6  (2-5.30 D+0.95 E+2.34  F + 8.22 

The letters A, B, C, etc., refer to the single weeks, 

The computed yields from this equation gave a reduc- 
The reduc- 

June 14, June 21, July 5, etc. 

tion of the standard deviation of 23 per cent. 


